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4.7 COMMUNICATIONS SUBSYSTEM

The Communications Subsystem is depicted in Figure 4.7-l and is comprised of
the components listed in Table 4.7-l. The subsystem has two sets of communica-
tions links (ascent and operational) which are summarized in Figures 4.7-2 and
4.7-3 and Tables 4.7-2 and 4.7-3, respectively. The following summary de-
scribes the relationship of the above described equipment to the communica-
tions

l

l

l

l

l

l

links:

S-Band Transmitting Equipment - Three directional S-Band Antennae (SBA-1,
-2, and -3), and three S-Band Transmitters (STX-1, -2, and -3) provide
the routine S-Band down-link services in operational orbit. These
downlink services consist of tJ61PT,  GAC playback, TIP playback, and LAC
playback data as listed in Table 4.7-3. SBA-1 and STX-1 transmit the
lowest of the three frequencies, while SBA-3 and XX-3 transmit the
highest.

S-Band Omni Antennae (SOA-1, -2) and XX-2 provide real-time telemetry
to the NOAA-CDA stations if required postlaunch.

S-Band Onmi Antennae (SOA-3, -4) and STX-4 provide launch real-time
telemetry to the NASA tracking slation  at WTR, to the ARIA aircraft and
to the Air Force Satellite Control Facility (SCF).

Either S-Band link,
ible,

the NOAA-CDA compatible or the Air Force SCF compat-
can be operated in any spacecraft emergency in either boost or

orbit mode.

Command Receiving Equipment - S-Band Omni Antennae (SOA-5, -61, RF
Hybrid (RFH), GRD Filter Network (GFN) and G-STDN Receiver/Demodulator
(GRD) provide all command reception.

VHF Telemetry Equipment - The BDA, RF Filter (RFF-11,  and Beacon
Transmitter (BTX-1 or B'lX-2) provide the TIP real-time data listed in
Tables 4.7-2 and 4.7-3.

The directional VHF Real-Time Antenna (WA), RF Filter (RFF-11,  and VHF
Real-Time Transmitter (VTX-1  or -2) provide the APT data in Table 4.7-3.

Antennae and RF Filters for Payload Instruments - The directional UHF
Data Collection System Antenna (UDA), Data Collection System/Search and
Rescue Processor Diplexer (DPD),  and RF Filter (RFF-2)  provide the
antenna and electromagnetic interference (EMI) isolation for the govern-
ment-furnished Data Collection System (DCS) listed in Table 4.7-3.

The UDA, DPD, and Filter RFF-3 provide the corresponding service for the
government-furnished Search and Rescue Processor (SARP-M).

The directional Search and Rescue Receiving Antenna (SRA), the direc-
tional Search and Rescue L-Band Antenna (SLA), and RF Filters RFF-3, -4,
and -5 provide the corresponding services for the government-
furnished Search and Rescue Repeater (SARR).
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TABLE 4.7-1, COHKIXXATIONS  SUBSYSTEM COMZQZNTS

Number Performance
Required Name Sprification Source

1 VHF Beacon Antenna QBDA) PS-2280284 ASD

2 Command Receiver/Demc&ulator  (GRD) PS-2629937 Loral

1 (VHF Beacon) RF Filter (RFF-1) PS-2629708-l Wavecom

1 (VHF Beacon) RF Swh&~ (RFS) I 3261703 Transco

2 VHF Beacon Transti'tter (BTX) PS-2629724 Loral

1 VHF Real-Time Antenna (VRA) ilPS-2280287 ASD
I

1 (VHF Real-Time) RF Filter (RFF-1) PS-2629708-l Wavecom

1 (VHF Real-Time) RF Switch (RFS) 2261703 Transco

2 VHF Real-Time Transmitter (VTX) PS-2629726 Loral

3 S-Band Antenna (SBA) PS-2280286 ASD

(S-Band) RF Switch (RFS)
I

1 3261703 Transco

4 S-Band Transmitter (STX) PS-3265453 ASD

1 UHF Data Collection System Antenna (m;UaS j-2280285 ASD

1 (UHF DCS) RF Filter (RFF-2) ! PS-2629708-2 Wavecom

1 (SARP-M) RF Filter (RFF-3) PS-2629708-3 Wavecom

1 DCS/SARP-M Diplexer (DPD) 2298020 Wavecom

1 SARR L-Band Antenna (SLA) ASD

1 (SARR 406 MHz) RF Filter (RFF-3)
r;-:;;;;;;  3

Wavecom

1 (SARR  243 MHz) RF Filter (RFF-4) PS-2629708-4 Wavecom

1 (SARR 121.5 MHz)  RF Filter (RFF-5) PS-2629708-5 Wavecom

1 SARR Receiving Antenna (SRA) 15-2297743 ASD

2 S-Band Onmi Antennae (SOA-1, -2) H-2288274 ASD

2 S-Band Omni Antennae (SOA-3, -4) PS-2628492 ASD

2 S-Band Chnni Ant-e (SOA-5, -6) PS-3284970 ASD

-.
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Figure 4.7-2. Ascent and Early-Orbit RF Communications Link Summary
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1. S.S% of Bhfhiod  (SOOpS)
2.16Ktiz  BUBCWJBIER  CYCLES NOT TO SCALE

F5gUre 4.7-4. Cnmmanii  Data

The subsequent sections describe the perfzznmance
tern in the two sets of wunications links,

4.7.1 COMMUNICATIONS Z.JIBJKS

4.7.1.1 Ascent and Ejarly-Orbit Links

4.7.1.1.1 General ConrmunicatioJto Requirements

92372

Wave E oxm

of the Communications Subsys-

During the Titan launch, the tasks of the Conmunicat%snns Subsystem begin on the
launch pad at satellite turn-on and end when NASA/NOAA releases the early-orbit
support stations from their support (rtorara lly one day after launch). It is
anticipated that the French government station at Lanniunn, France, will provide
such BllppOtt. In addition, NASA may opt to extend suppear% by the Advanced
TIROS-N Aerospace Ground Equipment (ATNAGE II) and the PUSA tracking station
at the WTR from their coverage of powered flight and the first WTR pass, to
include additional early orbits. The following discus&ion absumes ATNAGE
II/WTR support will end after the first WTR pass.

The prelaunch commmications requirements are to provide
TIP telemetry links to the ATNAGE II.

The powered flight and coast requirements are to provide
the NASA station at WTR and to the ARIA aircraft.

conrmand and real-time

real-time TIP data to
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NORMALIZED FREQUENCY (Xl
.o.zs 0.5 l.o 2.0 4.0 a0

X IS l/2 ASSIGNED RF CHANNEL
BANDWIDTH

NOTES:

166&1670  MHz AND 172&1721 MHz RADIO ASTRONOMY
6ANDS: LESS THAN -236 d6Wlm2Hz - TRANSLATES TO
-72d6Wl3 kHz  EIRP Al TtiE SATELLITE.

1664.3-1664.7 MHz MS/GOES BAND: LESS THAN 1 d6
DEGRADATION TRANSLATES TO LESS THAN -30 d6W13  kHz
EIRP AT THE SATELLITE. 64403

\

-

Figure 4.7-5. Spectrum Control Characteristics (S-Band, APT, and VHF TIP)

The early-orbit requirements are as follows:

Recovery of recorded TIP telemetry by playback
recorders.

Provide continuous real-time telemetry limited
contacts.

of the satellite tape

only by ground station

Provide limited command capability only by ground station contacts.

Provide the playback capability in operational orientation, with +X axis
directed at the nadir.

Provide the command and real-time data capabilities in any satellite
attitude.
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0 -LINEAR ISOTROPIC REFERENCE

60 30 0 (NADIR1

OFF NADIR ANGLE iDEGREESl 6-0404

Figure 4.7-6. Net Gain at DCS Receiver RF Interface Connector

TABLE 4.7-4. MAXIMUM EM1 LEVEL INTO THE DCS RF INTERFACE CONNECTOR

Frequency (MHz) Maximum Signal (dBm)

10 to 370 -2o*
370 to 396 -60
396 to 401.61 -125

401.61 to 406.69 -145
401.69 to 406.0 -125

406 to 430 -6O*
430 to 1000 -20
1000 to 10,000 0

*In addition, the signal shall not exceed -60 dBm at the following
discrete frequencies:

31.080 MHz
339.488 MHz
406.796 MHz
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Figure 4.7-7. Net Gain at SARR 121.5~MHz Receiver RF Interface Connector
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Figure 4.7-8. Net Gain at SARR 243~MHz Receiver RF Interface Connector
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70

ANGLE OFF NADIR lOEGI -7

Figure 4.7-9. Net Gain at SARR 406.05 MHz RF Interface Connector

ANGLE OFF NADIR tDEG) -

Figure 4.7-10. Net Gain at SARP-M Receiver RF Interface Connector
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MAXIMUM SATELLITE TRANSMITTER POWER LEVELS INTO THE SARP-M

Center Frequency Frequency Band (MHz 1 Limit Maximum  (dEm)

-
,,

_..

SARk
121.5 MHZ

123
125
129

1000

1
15

375
385
401
405.9
406.2
411
425
435

1000

1
15

375
385
401

t o 125
t o 129
to 1000
t o 10000

t o 15
t o 375
t o 385
t o 401
t o 405.9
t o 406.2
t o 411
t o 425
t o 435
t o 1000
to 10000

t o 15
t o 375
t o 385
t o 401
t o 405.985

405.985 t o 406.065
406.065 t o 411
411 t o 425
425 t o 435
435 t o 1000

1000 t o 10000

AND SARR RECEIVER RF INTERFACE CONNECTORS

1 t o 15
15 to 228

,228 to 236
236 t o 240
240 t o 242.925
242.925 to 243.075
243.075 to 246
246 t o 250
250 t o 258
258 t o 1000

1000 t o 10000

1 to 15
15 t o 114

114 t o 118
118 t o 120
120 t o 121.45
121.45 t o 121.55
121.55 t o 123

SqR
406.050 Xliz

: _.
, -.-..
._ .:
.1  I

SARP-M
406.025 Wiz

I

i.

0
-20
-60

-100
-125
-145
-125
-100
-60
-20

0

0
-20
-60

-100
-125
-145
-125
-100
-60
-20

0

0
-20
-60

-100
-125
-145
-125
-100

- 6 0
- 2 0

0

0
-2o*
- 6 0

- 1 0 0
-125
-145
-125
-100

- 6 0
- 2 0

0

* T h e  signal  level at the SARP/receiver i n p u t  t e r m i n a l s  s h a l l  n o t
exceed ’  -60 dBm at  the fo l lowing frequencies :

I
-, 3 4 3 . 2 1 1  MHz 20.5 kHt

4 0 0 . 8 4 6  MHz 20.5 kHz
4 1 1 . 2 5 3  MHz ~0.5  kHz
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Figure 4.7-11. Antenna Gain for lo-Watt 1544.5-M&2  Transmitter at
SARR Interface Connector

TABLE 4.7-6. MAXIMUM LEVELS OUT OF THE SARR TRANSMITTER RF INTERFACE CONNECTOR*

Band Frequent y
Maxiarm  Permissible
Conducted Level Out

of SAB Repeater

ATN Command llr8 to 154 MHz - 8 5  dBm/bO  kHz (1)

DCS 394 to 406 MHz - 1 0 5  dBm/40 kHz (1)

SAB, 121.5 MHz 121.5 +l PUit - 1 0 5  dBmlb0  kliz  (1)

SAB, 243 IQIz 2t3 22 MHz - 1 0 5  dBm/00  kBz (11

SAB, 006 MBz 106  +5 H8z - 1 0 5  dBm/lO  kAt (1)

GGES 169h.3 t o  169k.7 mz -82 dBm/Ez  (2)

Radio Astronomy 1660 to 1670 H8z and -82 dBm/Ht (2)

1720 to 1721 MHz

ATN Transmitter Spec - 10 kIiz  to 10 GRt - 3 0  dBm/l Mfiz (2)
following IRIG
Telemetry Standard
Document 106

ATN Transmitter Spec - 2020 to 2120 MHZ 40 dBm/l Miz (2)
Compatibility with
STDN S-Band Cossnand

(1) Discrete spurs. Measure in indicated bandwidth.
(2) Power level is total power measured in indicated bandwidth.

l This is a requirement on the GFE SAM.
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4.7.1.1.2 Early-Orbit Ground Station Contacts

The contact times available to the system are shown in Figure 4.7.1-1. This
illustration shows the loci of 5-degree elevation angles from the ground sta-
tions, and plots time from ascending node versus longitude of ascending node.
The maximum time shown is one orbital period. The ground stations shown are
the same three that will operate the satellite throughout its life: the Com-
mand and Data Acquisition (CDA) stations at Wallops Island, Va., and Fairbanks,
Alaska; and the French government station at Lannion, France. In the illustra-
tion, the satellite track is vertical from the bottom to the top, reappearing
at the bottom displaced to the left by the earth's rotation in one satellite
orbit period, approximately 23 degrees.

100
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P 1 X + ++ + + FAIRBANKS
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A~xxxxxx+ + UNiON +

z + \ A
AA \
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E25 . ..-A.

+++++++ AA I
&AAA&AAAAAi AAA

3 -+ ++ + +
s

j
LANNON +

FAIRBANKS 0.
s I -

i

A AfXXXX
+ A.AAAAA  x +;

++ + WMLOPS  x + +
X
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0
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0 SO loo 150 2m 250 300 350
LONGKUDE  OF ASCENDING NODE

90-2873M

Figure 4.7.1-l. Ground Station Contact in 450~nmi Orbit

The contact time available in a particular orbit is the time difference between
entry into and exit from one of the contours shown. An orbit whose vertical
motion intersects none of the contours is "blind" to the system; none of the
stations will contact the satellite in that orbital period. Study of the il-
lustration shows the following:

l Contact times are up to 12 minutes long.
l Approximately 5% of the orbits are blind.
l Approximately 25% of the orbits are blind to the CDA stations.

4.7-14
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4.7.1.1.3 Ascent and Early Orbit Operations

On the launch stand, the BTX, STX, and Command links are all closed with the
ATNAGE II, as part of final checkout. The RF paths connecting the satellite
with the ATNAGE II consist of radiation through RF windows in the ascent
shroud and the NASA antennas, amplifiers,
, Y. A and transmitters as shown in Figure

DATA ACOUISITION BUILDING 836
TELEMETRY

STATION

I
BUILDING 836

I SPACECRAFT

I

LABORATORY

ATNAGE

I MODULATOR
I
I

I

VHF
BEACON

RECEIVER
I
I

I

I
VHF
APT

RECEIVER

AMPLIFIERS.
I

S-BAND
SWITCHING, RECEIVER

MULTICOUPLERS
I

1

I o S-BAND

I
RECEIVER

2
I

I

S-BAND
RECEIVER

3

I I L

I

S-BAND
RECEIVER

4

Figure 4.7.1-2. RF Paths Between the Satellite and the ATNAGE II at WTR

94226

During ascent, the satellite transmits TIP real-time data at the 16,640-bps
boost rate, via STX-4 and SOA-3, -4, to the ATNAGE II and to ARIA aircraft.
The RF path to the ATNAGE II is the same as in the S-Band portion of Figure
4.7.1-2. All other satellite transmitters are OFF. The GRD is ON throughout
the life of the satellite, but is unused during ascent as no commands are sent
during this period.

After the satellite achieves mission orbit and attitude, on-board software
commands reduce the TIP bit rate to the orbital bit rate of 8,320 bps, turn
on one BTX, and switch STX-2 to SBA-2. The BTX provides real-time TIP data to
CDA and Lannion. At the first pass over WTR , stored commands play back TIP
data from a satellite tape recorder to the ATNAGE II via STX-2 and SBA-2.

Routine operations thereafter (in the early orbits) consist of real-time TIP
data to CDA and Lannion via a BTX, TIP data playback to CDA via an STX, and
coaunands from CDA. The available contact times allow for real-time data on
approximately 95% of all orbits, real-time routine commands on approximately
75X of all orbits, and playback to CDA on approximately 75% of all orbits.
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Playback time for one stored orbit is 2-l/2 minutes, allowing 1 minute for
acquisition results in 3-l/2 minutes required for each orbit. The contact
times available plus the satellite capability of parallel playback on two ST%
simultaneously allows recovery of all TIP data, including that from multiple-
blind orbits.

In an emergency, Lannion can command the satellite in response to requests
from the Satellite Operations Control Center (SOCC). Emergency commands are
available on approximately 95% of all orbits. In addition, in an emergency
the TIP data may be transmitted via STX-2  and SOA-1, -2 to the CDA stations or
via STX-4 and SOA-3, -4 to the CDA stations or SCF stations either in orbit or
boost rates.

4.7.1.1.4 Ascent RF Link Analyses

The signal strength history at the NASA station at WTR during the launch of
TIROS-N is shown in Figure 4.7.1-3. A similar history is expected for NOAA-K
and up.

-1m t t t t t tt t
I I I 1

0 1m Em am 4m m a0 m IDD

FLIGHT TIME ISECONDSI ,Uh

Figure 4.7.1-3. TIROS-N Boost Telemetry Signal Strength at WTR

The results of link analyses for the command and real-time telemetry links
active in the early orbits are presented in Tables 4.7.1-1 and 4.7.1-2. All
the links shown assume random satellite attitude and use satellite antenna-
gain values that are met or exceeded over 90% of the sphere. The source of
the antenna-gain values is the ATN measurements program carried out during
1979.
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TABLE 4.7.1-1. S-BAND COMMAND LINK ANALYSIS (RANDOM SATELLITE ATTITUDE)

Item Value Source

Frequency 2025.0 MHz S-480-25
Transmitter Power +60 dBm IS-2285557
Pointing Loss -0.1 dB IS-2285557
Ground Antenna Gain +39.1 dBci IS-2285557
EIRP at the Ground +99.0 dBm IS-2285557
Path Loss -167.7 dB ’ 450 nmi, 0" elevation
Polarization Loss -0.5 dB IS-2285557
Satellite Antenna Gain, -1.0 dBci Measurements in the ATN

85.5% of the Sphere program

Satellite Insertion and -4.1 dB IS-2285557
VSWR Losses

Command Bit Rate 2 kbps IS-2285557
Received Power -74.3 dBm Calculated
Command Sensitivity, BER=10W6 -108 dBm IS-2285557
Margin +33.7 dB Calculated

TABLE 4.7.1-2. VHF BEACON REAL-TIME LINK ANALYSIS (RANDOM SATELLITE ATTITUDE)

Item Value Source

Frequency 137.35 MHZ

137:57 MHZ
S-480-25

Transmitter Power +30 dBm IS-2285557
Filter, Switch, Diplexer, -2.7 dB IS-2285557

Cable Losses
VSWR Loss -0.8 dB IS-2285557
Satellite Antenna Gain, 90% -17 dBci Measurements in the

of the sphere, assuming ATN program
RCP Receiver

EIRP at the Satellite +9.5 dBm Calculated
Path Loss -145.8 dB 450 nmi, 0' elevation
Ground Antenna Gain +27.6 dBi IS-2285557
Modulation Loss -0.7 dB IS-2285557
Bit Rate -39.2 dB 8320 bps
System Spectral Noise Density -156.4 dBm/Hz IS-2285557
Demodulator Loss -3.0 dB IS-2285557

Eb/No +13.8 dB Calculated
Required Eb/N, for BERtlOB +10.5 dB Theory
Margin +3 dB Calculated
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The playback link to the CDA stations is omitted from the analysis since it is
stronger than the GAC/LAC  playback link presented in Section 4.7.1.2 owing to
the lower bit rate. Other than this lower bit rate, these two links are -
identical.

4.7.1.2 Operational Links

4.7.1.2.1 Communications Requirements

The communications requirements during the operational mode are as follows:

Provide VHF real-time telemetry to CDA stations and to independent local
users designated "Standard TIP Stations".

Provide VHF command capability from CDA stations.

Provide Global Area Coverage (GAC), Local Area Coverage (LAC), and stored
TIP data playbacks to the CDA stations at S-Band.

Provide S-Band TIP stored data playbacks to the Lannion ground station.

Provide High-Resolution Picture Transmission (HRPT) data at S-band to
the CDA stations and to independent local users designated "Standard
HRPT Stations".

Provide VHF Automatic Picture Transmission (APT) data to the CDA stations
and to independent local users designated "Standard APT Stations"..

In each of the above services, the Communications Subsystem has one interface
at RF and another at baseband. In the services listed below, the Communica- 1
tions Subsystem has only RF interfaces and provides only passive components.
In each of these cases, the Communications Subsystem serves a transmitter or
receiver that is part of a government-furnished instrument. The subsystem
provides an RF path to or from the instrument. These services are as-follows:

l Provide an antenna and EM1 isolation for
Collection System (DCS).

the receiver of the Data

l Provide an antenna and EM1 isolation for
Search and Rescue Repeater (SARR).

each of three receivers in the

l Provide an antenna for the transmitter of the SARR.

l Provide an antenna and EM1 isolation for the receiver in the Search and
Rescue Processor (SARP-M).

All the services listed apply only
the +X axis directed at the nadir.

when the satellite is earth-oriented with

4.7.1.2.2 Operational Mode Ground Station Contacts

The ground station
4.7.1-1. No other

contacts to the CDA and
ground station contacts

4.7-18

Lannion stations are shown in Figure
are shown in the illustration
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because the other stations are not under NOAA/NASA control, and in some cases
their locations are unknown.

4.7.1.2.3 Operational Mode Orbit Operations

The CDA stations issue all commands to the satellite. The Communications Sub-
system requires no routine commands except to turn on or off the operational
S-Band transmitters for playbacks. The transmission management includes one
BTX, one VTX, and either SIX-1  or -3 on full time. One or two more STX's are
activated only for playbacks to one of the three stations listed above. Only
the CDA stations recover LAC and GAC data. The orbit is blind to the CDA
stations for up to three orbits in a row , as shown in Figure 4.7.1-1. The
capability for parallel playback permits the CDA stations to recover a 2-l/2
minute playback of GAC data and simultaneously one of equal length of UC data
for each orbit. The Lannion station is required to collect TIP playbacks only
on those orbits that are blind to the CDA stations.

4.7.1.2.4 Operational Mode Link Analyses

Tables 4.7.1-3 through 4.7.1-6 present the results of the analyses for links
in which the transmitters or receivers of the Communications Subsystem are in-
volved. Those services in which the subsystem provides only passive compon-
ents are described by the antenna pattern and EM1 isolation data presented in
Table 4.7-3. All the links covered by Tables 4.7.1-3 through 4.7.1-6 provide
positive link margin throughout the region from which the elevation angle to
the satellite exceeds 5" except the VHF real-time TIP links. The regions
served by these links are shown graphically in Figure 4.7.1-4. All the link
calculations used antenna gain and ellipticity measurements made in the ATN
program.

TABLE 4.7.1-3. S-BAND COMMAND LINK ANALYSIS (OPERATIONAL ORBIT)

Item Value Source

Frequency 2025.0 MHz S-480-25
Transmitter Power +60 dBm IS-2285557
Pointing Loss -0.1 dB IS-2285557
Ground Antenna Gain +39.1 dBci IS-2285557
EIRP at the Ground +99.0 dBm IS-2285557
Path Loss -167.7 dBm 450 nmi, 5O elevation
Polarization Loss -0.5 dB IS-2285557
Satellite Antenna Gain, -1.0 dBci Measurements in the ATN

63" Half Angle Cone About +X program
Satellite Insertion and VSWR Losses -4.1 dB IS-2285557
Command Bit Rate 2 kbps IS-2285557
Received Power -74.3 dBm Calculated
Colllmand Sensitivity, BERtlOB -108 dBm IS-2285557
Margin - +33.7 dB Calculated

4.7-19 1844T



TABLE 4.7.1-4. VHF BEACON REAL-TIME LINK ANALYSIS (OPERATIONAL ORBIT)

Item

Frequency

Transmitter Power

Filter, Switch, Diplexer,
Cable Losses

VSWR Loss

Satellite Antenna Gain Minus
Path Loss in Region Shown
in Figure 4.7.1-4 (Note 1)

Ground Antenna Gain

Polarization Loss

Modulation Loss

Bit Rate

System Spectral Noise
Density

Demodulator Loss
Eb/No

Required Eb/N, for
BER = lO+j

Margin

ZDA Station
TIP Station

137.35 ME2

137.;; MHZ

+30 dBm

-2.7 dB

-0.8 dB

-166.1 dB

+27.6 dBi

0 dB

-0.7 dB

-39.2 dB

-165.4 dBm/Iiz

-3.0 dB
+10.5 dB

+10.5 dB

0 dB

Standard

137.35 MHZ

137:;7 MHZ

l 30 dBm

-2.7 dB

-0.8 dB

-153.7 dB

+16.0 dBci

-1.1 dB

-0.7 dB

-39.2 dB

-165.7 dBm/Hz

-3.0 dB
+10.5 dB

+10.5 dB

g- -
0  dB

Source

i-480-25

IS-2285557

IS-2285557

IS-2285557

Yeasurements in
the ATN program.
450 nmi, elevation
angles from the
ground annotated
on Figure 4.7.1-4.

IS-2285557

CDA stations -
see Note 2.
TIP stations -
IS-2285557

IS-2285557

IS-2285557

IS-2285557

IS-2285557
Calculated

Theory

Calculated

NOTES: (1) Regions shown in Figure 4.7.1-4 were selected for combinations of
satellite antenna gain and path loss that yield 0-dB margin in
each link. Satellite antenna gain figures used assume RCP
receiver, understating performance with the CDA stations which
have polarization diversity receivers. No total power gain data
available from ATN program.

1 v

-

I
(2) Only the RCP component was used in the EIRP calculation, although ’

the CDA stations have diversity receivers.
. --
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TABLE 4.7.1-6. VHF APT REAL-TIME LINE ANALYSIS (OPERATIONAL ORBITS)

Standard
CDA APT

Item Stations Stations Source

Frequency 137.50 MHZ 137.50 Mliz S-480-25
0t

137.62 MHz 137:f62 MHz

Transmitter Power +37.0 dBm +37.0 dBm IS-2285557

Filter, Switch, Cable Losses -1.3 dB -1.3 dB IS-2285557

VSWR Loss -0.8 dB -0.8 dB IS-2285557

Satellite Antenna Gain, 63" -1.4 dBci -1.4 dBci Measurements on
Half-Angle Cone about +X ATN program

EIRP at the Satellite +33.5 dBm +33.5 dBm Calculated

Path Loss -144.3 dB -144.3 dB 450 nmi, 5"
elevation

Ground Antenna Gain +27.6 dBi

Polarir?tion Loss -0.2 dB

+lO dBci

-0.7 dB

IS-2285557

CDA: IS-2285557;
APT Station:
measured 10 dB
worst-case VRA
ellipticity on
ATN into assumed
2 dB antenna

IF Bandwidth

Required CNR

System Noise Spectral
Density

CNR

Margin

-47.8 dB/Hz -47.0 dB/Hz IS-2285557

+12.0 dB +12.0 dB IS-2285557

-165.4 dBm/Hz -163.2 dBm/Hz IS-2285557

+34.2 dB +14.7 dB Calculated

+22.2 dB +2.7 dB Calculated

-

-
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Figure 4.7.1-4. VHF Beacon Coverage
(Operational Orbit)

Areas for Positive Link Margin

4.7.2 COMMUNICATIONS SUBSYSTEPI COMPONENT DESCRIPTION

4.7.2.1 S-Band Transmitters (STX-1,  -2, -3, -4)

The STXs, designed and built by ASD, are high-efficiency, all solid-state units
which employ PM modulation directly at S-Band. A photograph of the STX is
shown in Figure 4.7.2-l. STX-1, -2, and -3 characteristics are summarized in
Table 4.7.2-l and STX-4 in Table 4.7.2-2. A functional block diagram of the
STX is shown in Figure 4.7.2-2 and the STX electrical interfaces are depicted
in Figure 4.7.2-3.

n4-TIc

Figure 4.7.2-l. S-Band Transmitter (SIX)
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TABLE 4.7.2-l. S-BAND TRANSMITTER CHARACTERISTICS (ST%1, -2, -3)

Parameter

Modulation

l Type

l Input

l Modulation Sensitivity

l Pre-Modulation Filter

l Linearity

l Demodulated Rise and Fall
Times

l Demodulated Overshoot

l Demodulated Asymmetry

Output Frequency

Frequency stability

Spurious phase modulation

Incidental Amplitude Modulation

Output Power, EOL

Turn-On Time

Power Requirements

l 28 v 22%

l 10 v +2X

Value

PSK

8320 bps split-phase-level
16,640 bps split-phase-level,
332.7 kbps split-phase-level
1.3308 Mbps split-phase-level
2.6616 Mbps NRZ-level between
0 20.3 volt and 4.5 9.7 volts

135" +5X in response to above level changes

Flat +1 dB dc to 1.5 MHz
Flat +l, -3 dB, 1.5 MHz to 2.4 MHz
-30 dB/octave roll-off starting at 3.5 MHz

20.2 radian deviation from a straight line
through end points of modulator voltage
vs. RF phase

Between 85 ns and 200 ns

25% of steady-state step

3%

STX-1: 1698 MHz
STX-2: 1702.5 MHz
STX-3: 1707 MHZ

+0.002x

Less than 12' from 100 Hz to 200 Hz in a
transparent PM receiver; less than 3" rms
jitter in a phase-locked loop with 30-Hz
bandwidth

5%

6.35 watts

6 seconds

915 lnA

10 nlA

-

I

I

-
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TABLE 4.7.2-l. S-BAND TRANSMITTER CHARACTERISTICS (STX-1, -2, -3) (Continued)

Parameter Value

Conducted Emissions

l Broadband

l Xarrowband

-30 dBm, 10 kHz to 10 GHz

-40 dBm/l  MHz 148 to 154 MHz
394 to 406 MHz
2020 to 2120 MHz

-34 dBm/3 kHz - radio astronomy
-6 dBm/3 kHz - GOES band

l Occupied Band -60 dBc/3  kHz beyond 4.5 MHz from carrier,
with random 2.6616 Mbps modulation; 98%
of power within 2.5 MHz of carrier with
same modulation

Size (inches) 6.4 x 4.9 x 2.1

Weight (lb) 2.2

Temperature ("C) -5 to +45

Useful Life (100X duty) 2.5 years minimum

The output frequency is generated by a microwave oscillator which feeds a
linear S-Band phase modulator. The digital data signal is shaped by a pre-
modulation 0.05 degree equiripple phase lowpass  filter with a 3-dB bandwidth
of 2.4 MHz. This filter is the primary means of controlling the transmitter
RF spectrum. The S-Band signal out of the modulator is amplified by a four-
stage power amplifier. The first three stages operate Class A, while the final
stage operates Class C with a collector efficiency of 52 percent. The final
stage drives an isolator-lowpass filter which provides open/short circuit pro-
tection as well as attenuation of transmitter harmonics to greater than 68 dB
below the carrier. The nominal power output of the STX is 8 watts.

The transmitters operate off the 28-volt bus and have internal solid-state
power switches which control the on-off operation based on logic-level signals
received from the CIU. Following the power switch, a series regulator is used
to generate the +15 volts required by the microwave oscillator and modulator-
driver circuits. The output of the power switch is direct_ly  fed to the power
amplifier stages. The three STX’s operate at different{-frequencies: SIX-1 at
1698 MHz, STX-2 at 1702.5 MHz, and STX-3 at 1707 MHz.

4.7.2.2 VHF Real-Time Transmitters (VTX-1,  -2)

The VTX-1 and VTX-2 transmitters are manufactured by Loral Data Systems-Conic.
An outline drawing of the VTX is shown in Figure 4.7.2-4 and the
characteristics are summarized in Table 4.7.2-3. A functional block diagram
of the VTX is shown in Figure 4.7.2-5 and the VTX electrical interfaces are
depicted in Figure 4.7.2-6.
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TABLE 4.7.2-2. S-BAND TRANSMITTER CHARACTERISTICS (Xx-4)

Parameter Value

Modulation
l Type PSK

l Input 8320 bps Split Phase Level
16,640 bps Split Phase Level
332.7 kbps Split Phase Level
1.3308 mbps Split Phase Level
2.6616 mbps NRZ-L

l Modulation Sensitivity 135' 25%

l Linearity Same as SIX-l,  -2, and -3

Output Frequency 2247.5 MHz

Frequency stability 20.002%

Residual phase modulation 12"/RMS  or less

Incidental Amplitude Modulation 5%

Output Power, EOL 5.25 watts

Turn-On Time 6 seconds

Power Requirements
' 28 V +2% 925 InA
l 10 v :2x 10 mA

Conducted Emissions
l Narrowband Same as STX-1, -2, -3

l Narrow or Broadband Same as STX-1, -2, -3

Size (inches) Same as STX-1, -2, -3

Weight (lb) Same as STX-1, -2, -3

Temperature ('C) Same as SIX-l, -2, -3

Useful Life (100% duty) Same as STX-1, -2, -3

The VTX is fundamentally a frequency modulated VHF transmitter. Referring to
the block diagram, the VCXO operates at 22 Mliz which is frequency modulated
and doubled to 45 MHz. The signal is multiplied to 137 MHz and bandpass  fil-
tered prior to amplification to 5.2513 watts by the Class C power Amplifier.
The power amplifier is followed by a final low pass filter and lumped constant

-

-

.-
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Figure 4.7.2-3 S-Baznd Transmitter Interfaces

isolator for mismatch protection, The output LPF additionally provides loop
coupling for RF sampling for the RF telemetry and ALC outputs. The ALC output
provides feedback to thr main regulator for control of the driver and PA volt-
age, maintaining the voltage between 18 and 22 Vdc thereby maintaining the nom-
inal 5.25W RF output. The modulation buffer is a unity gain amplifier provid-
ing buffering and isolation of the modulator input to the VCXO.

4.7.2.3 VHF Beacon Transmitter (BTX-1, -2)

The BTX-1 and BTX-2 transmitters are also manufactured by Loral Data Systems/
Conic and are similar in design with the VTX-1, -2. An outline drawing of the
BTX is shown in Figure 4.7.2-7 and the characteristics of the BTX are summarized
in Table 4.7.2-4. A functional block diagram of the BTX is shown in Figure
4.7.2-8 and the associated electrical interfaces depicted in Figure 4.7.2-9.

The BTX is a nominal 1W EOL watt phase modulated VHF transmitter. Referring
to the block diagram, the oscillator employs a third overtone crystal at 45
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TABLE 4.7.2-3. VHF REAL-TIME TRANSMITTER CHARACTERISTICS

- Parane ter

Modulation
l Type
l Modulation Sensitivity
l Peak Frequency Deviation
l Deviation Linearity

Value

FM
2.8 V p-p at inpnr  produces 34 kHz p-p deviation
+18.7 kHz
f600 Hz about best-fit straight line through
zA.8.7  kHz range

Frequency Response

. Input

20.5 dB tram 0.1 to L.8 k!Ez

2.4-kHz am&itu&+sodulated  subcarrier at
2.8 V p-p

Output Frequency 137.500 MEZ CVTX-1)
137.620 Pg3~ @TX-21

Frequency Stability

Residllal  FM

Harmonic Distortion

~0.002%

340 Hz p-p

2.5% when m&lnlated  with 2.4 kHz and carrier
deviates 217 k&z

Amplitude Modulation 5% when carrier deviates 217 kHz

Output Power
l BOL 5.5 watts mimirnrlm.
l EOL 5.0 watts mini7mnu

Turn-On Time
l Meets Power Spec 10 seconds
l Meets Frequency Stability 30 seconds

Power Requirements
l 28 V +2% 0.72 ampere excluiwe  of switched 28 V output
l 10 v f2X 0.01 ampere

Switched 28 V Output for RF Switch 120 mA pull-in
30 mA hold-in

Conducted Emissions

l Narrowband
l Narrow or Broadband

-25  dBm - dc to 10 GHt
- 4 5  dBml3  kHz - radio astronomy
-40 dBm/l MHz - DCS

l Occupied band
- 7 0  dBm/40 kiiz - 128 .16  +l MHZ
-60 dBc beyond 40 kHz from carrier, maximum
frequency deviation

Size (inches max) 2.0 Ii x 3.5 W x 3.75 D

Weight 1.75 lb maximum

Temperature ,-5’ to +45’C

Useful life (100% duty) 2.5 years minimum
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Figure 4.7.2-6. VHF Real-Time Transmitter Interfaces

MHz which is fed to a varactor controlled phase modulator. Following phase
modulation of the crystal frequency, the signal is multiplied to 137 MHz with
lowpass  filtering and amplified to two watts by a Class C power amplifier. As
in the VTX the output of the power amplifier is fed to a low pass filter and
isolators with an RF sample provided for RF telemetry and ALC. The TTL level
square wave modulation input is level translated clamped and filtered by a
lowpass  filter prior to phase modulation of the exciter signal.

4.7.2.4 G-STDN Command Receiver-Demodulator (GRD)

The GRD, supplied by Loral/Conic , consist6 of three interwired, Stacked
aluminum housings, one for the receiver, one for the detector, and one for the
demodulator. An outline drawing of the GRD is shown in Figure 4.7.2-10 and
the GRD characteristics are 6UI6MriZed  in Table 4.7.2-5. A GRD functional
block diagram and the GRD electrical interfaces are presented in Figure6

4.7.2-11 and 4.7.2-12, respectively.

The GRD is powered continuously when the spacecraft is “ON”. It receives RF
inputs from the Cnmi Antennas, SOA-5,  -6.

Figure 4.7.2-11 shows the redundancy and automatic crossover that are provided
by signal cross-strapping from both S-Band receiver6 to both the demodulators.
Because of this redundancy and wiring arrangement, plus the use of high-
reliability parts, the GRD meet6 or exceed6 a probability of successful opera-
tion of 0.997 after 2 years in earth orbit. Furthermore, the GRD contains no
single-point failure mode6  which would result in a loss of command function.
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TABLE 4.7.2-4. BEACON TRANSMITTER CHARACTERISTICS

Parameter

Modulation
l Type
l Modulation Sensitivity

l Input

l Pre-Modulation Filter

l Linearity

l Demodulated Rise and Fall Times
l Demodulated Overshoot
l Demodulated Bit Asymmetry

Output Frequency

Frequency Stability
Spurious Phase Modulation

Incidental Amplitude Modulation
Output Power
Turn-On Time
l Meets Power Specs
l Meets Frequency Stability Specs

Power requirements
l 28V +2%
l 1ov 12x

Switched 28 V output for
RF Switch
Conducted Emissions
l Narrowband
l Narrow or Broadband

l Occupied Band

Size (inches)
Weight
Temperature
Useful life (100% duty)

Value

PSK
135 +4 degrees p-p phase change in
response to logic level change at input
5320 bps split-phase-level data
3 20.3  volt and 4.5 20.7 volts
Input voltage drives logic gate in BTK
Flat +0.5  dB 100 Hz to 9 kHz
-3 dB between 16 and 22 kHz
-42 dbloctave above 22 kHz
+3' deviation from a straight
end points of modulator input
RF phase
10 to 30 microseconds

line through
voltage vs

25 percent of steady-state step
3 percent (pulse width error/bit period)
137.35 MHz (BTK-1)
137.77 MHz (BTX-2)
t0.002%
1.5" rms in an ideal phaselocked-loop
receiver with 30-Hz loop bandwidth
3%
1.0 watt

10 seconds
30 seconds

272 mA exclusive of switched 28 V output
10 mA
120 mA pull-in
30 mA hold-in

-25 dBm dc to 10 GHz
-45 dBm/3 kHz - radio astronomy
-40 dBm/l MHz - DCS
-70 dBm/40 kHz - VHF command
-40 dBm/lO kHz - 128.16 +l MHz
-60 dBc/3 kHz beyond 100 kAz from carrier,
with random 8320 bps modulation
2.0 H x 3.5 W x 3.75 D
1.75 lb maximum
-5'C to 245oc
2.5 years minimum
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Figure 4.7.2-9. Beacon Transmitter Interfaces

The GRD will remain in the standby mode until it senses an RF signal strength
greater than -118 dBm at either or both RF inputs. In this standby condition,
the GRD disconnects power from the demodulator output stages.

Upon receiving a signal that is equal to or greater than the above, and with
the proper subcarrier modulation, the GRD applies power to the demodulators.
The GRD is then capable of processing data at 10e6 BER or better, and is in
its fully operational mode.

The GRD receives and processes NW-M commands. These command signals are
first modulated onto a 16.0 kHz subcarrier and then transmitted to the
spacecraft. The subcarrier is then modulated onto a 2025.0 MHz carrier and
then transmitted to the spacecraft. Two level states representing a 1 or 0,
are sent singularly in a series of patterns to represent the desired command
message.

The GRD receiver is a dual-conversion superheterodyne design, with the phase
locked loop for carrier acquisition and tracking. The detected subcarrier
output from each receiver is coupled to both demodulators. Each demodulator
detects and locks on to a subcarrier from one of two receivers. It then
demodulates the subcarrier and extracts the NRZ-M command data. The demod-
ulator also generates and outputs a synchronous clock for cross-strapping.
The demodulator contains a 10 Hz oscillator which is used to control the
alternate sampling of each of the receiver/detector outputs until one
demodulator locks-up. This oscillator insures that the demodulator will lock
within 250 ms upon application of a receiver input.
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Parameter

Carrier Frequency

Sensitivity for BER=10e6

Receiver Sensitivity

Noise Figure (max.)

Preselector Bandwidth
. 3 dB

TABLE 4.7.2-5. COMMAND RECEIVER-DEMODULATOR CHARACTERISTICS

Value

2025.0 20.061 MHz

-118 dBm

-127 dBm (approx.)

6.0 dB

Acquisition Time (Carrier)

Deactivation Time

Carrier Modulation

25 MHz, max

9.0 set

50 ms, max

PM

Modulating Waveform
l Subcarrier
l Bit Rate

16.0 kHz
2 kbps

Power Requirements
. 28 V +2%
l 10 v i2%

200 mA operational mode
10 mA

Redundancy 2 receiver/demodulator pairs, powered
independently; cross strapping via external
cables

Size (inches)

Weight

Temperature

Useful Life (100% duty)

3.2 R x 4.35 W x 7.93 D

8.6 lb (combined weight)

-5' to +45'C

5 years minimum

-

-

-
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4.7.2.5

4.7.2.6

The SBA,

Deleted

S-Band Antenna (SBA-1, -2, -3)

designed and fabricated at ASD, is a self-phased, resonant quadrifilar
antenna with a bifolium pattern. A photograph of the SBA is shown in Figure
4.7.2-13 and the SBA characteristics are summarized in Table 4.7.2-6.

6%l-161C

Figure 4.7.2-13. S-Band Antenna

The quadrifilar is a four element helical antenna with the elements driven in
phase quadrature. The antenna is comprised of the radiating elements and a
balun. The four helical elements produce a bifolium (shaped-conical) pattern.
The helical design is l-1/2 turns and l-1/4 wavelengths. The sense (right
hand or left hand) of circular polarization is determined by the direction in
which the elements are wound. Designs for both right-hand and left-hand
circular polarization are obtained by reversing the direction of element
winding. s- -
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TABLE 4.7.2-6. S-BAND ANTENNA CHARACTERISTICS

Parameter

Frequency

Polarization
l SBA-1 & SBA-3
l SBA-2

Coverage

Gain (free-space measurement)

Ellipticity (free-space measurement)

Nominal Impedance

VSWR, 1692.5 to 1712.5 MHz

Power Handling

Weight

Temperature

Value

1698 to 1707 MHz

RCP
LCP

63" half-angle cone

See Figure 4.7.2-14

4.5 dB

50 ohms

1.5:1

18 watts - from one atmosphere pressure
to hard vacuum

0.7 lb, excluding mounting hardware

-71' to +6O"C

OFC.AXISAMGLE IDEGREESI cDu(

Figure 4.7.2-14. S-Band Antenna Free-Space Minimum Gain

4.7.2.7 S-Band Omni Antenna (SOA)

The SOA is designed and built by ASD. A photograph is shown in Figure
4.7.2-15. The characteristics of the antennules of SOA are summarized in
Table 4.7.2-7. The SOA-1, -2 are an array of two elements, one Right-Hand
Circular (RHC) element illuminating the earthward hemisphere (+ x or nadir
axis), and the second Left-Hand Circular (LHC) element illuminating the
anti-earth

-
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Figure 4.7.2-15. Antennules for the S-Band Omni Antennas

TABLE 4.7.2-7. S-BAND OMNI ANTENNULE CHARACTERISTICS

Parameter Value

Frequency (MHz)

SOA-1, -2 1702.5
SOA-3, -4 2247.5
SOA-5, -6 2025.0

Bandwidth (%I 1 . 0

Polarization

SOA-1, -2 RCP, LCP
SOA-3, -4 RCP, RCP
SOA-5, -6 RCP, RCP

Ellipticity, within 63" of Axis (dB) 6

Gain Figure 4.7.2-16

Normal Impedance (ohms) 50

VSWR 1.5:1

Power Handling, One 10
Atmosphere to Hard Vacuum (watts)

Size (inches)
%- -

SOA-1, -2 1.1 Dia x 3.6 L
SOA-3, -4 0.91 Dia x 3.65 L
SOA-5, -6 0.91 Dia x 3.65 L

Weight (ounces) Le66 than 4

Temperature ("C) -50 to +lOO"
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Figure 4.7.2-16. S-Band Qmni Antennule Free-Space Minimum Gain

hemisphere (-x or anti-nadir axis). This arrangement reduces the destructive
interference the two antennule patterns produce in the Y-Z plane by allowing
simultaneous observation by RCP and LCP receivers. SOA-3,  -4, -5 and -6 are
all RHC elements illuminating the +X and -X axis.

Each element is a one-half turn, one-half wavelength resonant, self-phased,
quadrifilar radiator. Quasi-isotropic coverage is achieved by simultaneously
feeding the two elements from the two isolated output ports on a hybrid power
splitter. Quasi-isotropic coverage is enhanced by the use of the polarization-
diversity CDA and Stadan receivers, which will optimally receive RHC, LHC or
linearly polarized signals.

4.7.2.8 VHF Real-Time Antenna (VRA)

The VRA, designed and built by ASD, is a l/2-turn,  l/2-wavelength  resonant
quadrifilar antenna. A photograph of the VRA is shown in Figure 4.7.2-17; the
VRA characteristics are summarized in Table 4.7.2-8.

Figure 4.7.2-17. VEIF Real-Time Antenna
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TABLE 4.7.2-8. VRA CHARACTERISTICS

Parameter Value

Frequency Range 136 to 138 MHz

Polarization RCP

Coverage 63" half-angle cone

Ellipticity (free-space measurement) 4.0 dB over coverage region

Gain (free-space measurement) See Figure 4.7.2-18

Nominal Impedance 50 ohms

VSWR 1.5:1

Power Handling 18 watts - one atmosphere to hard
vacuum

Size (inches) 13.8 Dia x 20.2 L

Weight 2.8 lb, excluding mounting hardware

Temperature -80" to 64*C

+5

+4

+3

+2

l 1

^
ii0
P -0.3
2
z -1
0

-2

a

4

-6

A I I

-0 10 20 30 40 w moo
OFF-AXIS ANGLE (DEGREES) em28

Figure 4.7.2-18. VRA Free-Space Minimum Gain
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The feed system consists of a 90" hybrid at the base of the antenna plus two
infinite baluns to the feed points located at the apex. Mechanically the VRA
is a 90% open structure using fiberglass spreaders and a fiberglass central
tube. RG 316 flexible coax inside the fiberglass tube provides the infinite
baluns of the feed network. Because of its size, the VRA must be stowed at
launch and deployed after arrival to an operational orbit. The antenna
provides a right-hand, circularly polarized, cardioid-shaped pattern, with a
nominal nose gain (along the nadir) of 4.7 dBci. The nominal gain at
63-degree off the nadir is 0 dBci.

4.7.2.9 UHF Data Collection System Antenna (UDA)

The UDA, designed and built by ASD, is a l-172  turn l-1/4  wavelength quadri-
filar antenna. A photograph of the UDA is shown in Figure 4.7.2-19; the UDA
characteristics are summarized in Table 4.7.2-9.

Figure 4.7.2-19. UBF Data Collection System Antenna

It is composed of a radiating structure and a feed network. The radiating
structure consists of four helical elements wound on a thin-walled dielectric
tube. Electrically, the UDA is equivalent to the SBA's and thus provides a
RRC polarized bifoliuxn pattern with a nominal nadir gain of -2.5 dBci, and a
nominal 63-degree , off-nadir gain of +2.5 dBci.

When the elements are excited in phase quadrature by the feed network, the
desired bifolium pattern is realized. The UDA output drives both the DCS and
the SARP-M via the DCS/SARP-M Diplexer (DPD).  Mechanically, the UDA is
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TABLE 4.7.2-9. UEF DATA COLLECTION SYSTEM ANTENNA CHARACTERISTICS

Value
Parameter DCS SARP-M

Frequency 401.65 21.0 MHz 406.025 21.0 MHz

Polarization RCP RCP

Coverage 63' half-angle cone 60" half-angle cone

Ellipticity, Free-Space 4.5 dB over Implicit in minimum/
Measurement coverage region maximum gain

1.5 dB on-axis characteristics

Gain, Free-Space Figure 4.7.2-20A Figure 4.7.2-20B
Measurement

Nominal Impedance 50 ohms 50 ohms

VSWR 1.5:1 1.5:1

Size (inches) 3.1 Dia x 36.5 L

Weight '2.5 lb

Temperature:

a Housing/hybrid network -75' to +61'C
l Radiating assembly -75' to +108'C

approximately four times the size of the SBA's, as it is designed to operate
at 401 MHz and 406 MHz. Because of its large size (36-inch length), the UDA
is stowed for launch and deployed after the spacecraft is placed in orbit.

4.7.2.10 VEIF Beacon Antenna (BA)

The BA, designed and built by ASD, is a dipole, fixed-mounted parallel to the
satellite 2 axis and approximately l/10 wavelength from Panel No. 1. A photo-
graph of the BA is shown in Figure 4.7.2-21; the BDA characteristics are
sunusarized in Table 4.7.2-10.

The antenna is a balanced dipole resonant at the beacon frequency. The feed
network is a 180' hybrid plus two stub transmission lines used to match the
antenna element impedance to each output port of the hybrid.

The antenna is double tuned with a choke arrangement and use of a stub in the
input line for the final matching trim as shown in Figure 4.7.2-22. The
shorted coax sections add series inductance at the beacon frequency. Proper
adjustment

4.7-45 1844T



4

-%-

-8

,lO - I I

40 45’ -30 -1s 0 1s 30 45 w

OFF-AXIS ANGLE (DEGREES)

A. AT DCS FREQUENCY

0 30 40 60 80
;F-NAtlR ANGLE (DEGREES)

8. AT SARP FREQUENCY 9-0429
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Figure 4.7.2-21. VHF Beacon Antenna

TABLE 4.7.2-10. VHF BEACON ANTENNA CHARACTERISTICS

Parameter Value

Frequency 137.35, 137.77 (MHZ)

Polarization Linear

Coverage, Gain Meaningful only at satellite
level since satellite contributes
significantly to the pattern

Nominal Impedance 50 ohms

VSWR 1.5:1

Power Handling 1 watt

Dipole Length 42 inches

Weight 1.6 lb, excluding mounting hardware

Temperature -68" to +67"C
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Figure 4.7.2-22. BA Tuning Details

of these three dimensions place the desired resonances at the same impedance
which can then be matched with a simple stub.

The antenna is fixed-mounted on the Earth-facing panel of the spacecraft paral-
lel to the long (z) axis of the spacecraft (normal to the orbit plane). This
antenna is predominantly linearly polarized within the 63" half-angle cone
that covers the Earth. This antenna provides a gain greater then -5dBi when
observed with the polarization diversity CDA Beacon Receiver. At the beacon
frequencies, this antenna has a gain greater than -14 dBi over 97 percent of
4n steradians.

4.7.2.11 Search and Rescue Receiving Antenna (SRA)

The SRA, designed and built by ASD, is a single unit operating with separate
outputs at 121.5, 243, and 406.05 MHz. A photograph of the SRA is shown in
Figure 4.7.2-23; the SRA characteristics are summarized in Table 4.7.2-11.

The assembly is three antennas in one , each with a pattern of its own. The
elements are of the quadrifilar type, wound in a left-hand screw-sense to
provide the required right-hand circular polarization sense. The patterns are
unidirectional, earth-facing , and shaped to minimize pattern interference due
to multipath radiation from other parts of the satellite. The outer element
comprises four l-1/4 turn helices and is top fed and operates at 121.5 and 243
MEz; its construction is of thin-walled brass to provide a rigid, light-weight
structure. The inner element comprises four l-1/2 turn helices and is bottom
fed and operates at 406.05 MHz ; it consists of gold-plated brass strips bonded
to an Astroquartz tube. The box at the base provides a structural attachment
and support for the elements and also serves as the housing for the antenna
feed components. A schematic of the SRA i6 presented in Figure 4.7.2-24.

-
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TABLE 4.7.2-11. SEARCH AND RESCUE RECEIVING ANTENNA CHARACTERISTICS

Parameter Value

Frequency 121.5 MHz 243 MHz 406.05 MHz

121.5 20.5 MHz 243 20.5 MHz 406.05 20.5 MIiz

Polarization RCP RCP RCP

Coverage 60' half-angle 60" half-angle 60" half-angle
cone cone cone

Ellipticity, Free Implicit in gain Implicit in gain Implicit in gain
Space Measurement characteristics characteristics characteristics

Gain, Free-Space Figure 4.7.2-256 Figure 4.7.2-25B Figure 4.7.2-25C
Measurement

Nominal Impedance 50 ohms 50 ohms 50 ohms

VSWR 1.6:1 1.6:1 1.6:1

Weight 14.0 pounds, excluding boom and mounting hardware

Temperature -95" to + 67'C except for hybrid box
-80 to + 80°C hybrid box

- Figure 4.7.2-23. Search and Rescue Receiving Antenna
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AT 405 MHz

MATCHING
NETWORK

121.5 MHz 243 MHz
OUTPUT OUTPUT

405 MHz
OUTPUT co432

Figure 4.7.2-24. SRA Block Diagram

A quadtifilat antenna consists of a pair of bifilar antennas orthogonally dis-
placed on a common axis and fed 90’ with respect to each other. The components
required to feed the bifilar6 are 180’ hybrids. Quadrature (90’) hybrids are
used to feed the pairs of bifilars. The two-frequency operation of the outer
element is made possible by use of a diplexer. Matching networks where needed
are provided at the inputs of the diplexer and the 406~MHz,  180’ hybrids.

Because of its size, the SRA is stowed at launch and deployed after arrival in
operational orbit.

4.7.2.12 Search and Rescue L-Band Antenna (SLA)

The SLA, designed and built by ASD, is a resonant, l-1/2 turn quadrifilar
helix fed by an infinite balun. A photograph of the SLA is shown in Figure
4.7.2-26; the SU characteristics are sunrnarized  in Table 4.7.2-12. The

‘X
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Figure 4.7.2-26. Search and Rescue L-Band Antenna

TABLE 4.7.2-12. SEARCH AND RESCUE L-BAND ANTENNA CHARACTERISTICS

Parameter

Frequency

Polarization

Coverage

Ellipticity, Free-Space
Measurement

Gain, Free-Space Measurement

Nominal Impedance

VSWR

Weight

Temperature

Value

1544.5 +1 MHZ

LCP

60" half-angle cone

4.5 dB in coverage region

Figure 4.7.2-27

50 ohms r' -

1.5:1

0.7 lb, excluding mounting
hardware

-104" to +64OC!

-
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Figure 4.7.2-27. SLA Free-Space Minimum Gain

antenna comprises four helically wound wires which form a cylinder 0.14 wave-
length in diameter and 0.56 wavelength long. As in the other quadrifilar an-
tennas in ATN-K,L,M,  it is two bifilar helices fed in phase quadrature. In
this case as in the SOA, one of the four windings constitutes an infinite
balun by making that winding a helical extension of the semi-rigid coax
feedline. The feedpoint for all the helices is at the "top" or free end of
the SLA. The-center conductor of the feedline  feeds two of the other windings
connected together at the feed point. Transmission-line current flowing on
the inner surface of the feedline  outer conductor flows around the end/of  the
conductor.

This current becomes the radiating antenna current as it continues its flow on
the outside of the feedline  winding as well as along the fourth winding con-
nected to the outer conductor at the feed-point. The four helices are self-
phased like those of the SRA.

4.7.2.13 RF Components

4.7.2.13.1 RF Filters

The satellite requires nine RF filters. The characteristics of the filters
are summarized in Table 4.7.2-13.
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TABLE 4.7.2-13. RF FILTERS - CHARACTERISTICS

Baseline Baseline Outline Attenuation
Filter Purpose Supplier Design Drawing Requirements

RFF-1 Control spectrum Wavecom Tuned to 136-139 Figure Figure
of BTX-1, -2; MHz and incorpor- 4.7.2-28 4.7.2-29
VTX-1, -2 ates a notch at

120-123 MHz.
Additional re-
jection at 240-
246 MHz and
396-411 MHz and
1655-1725 MHz
for SARR and
Radio Astronomy
Protection.

RFF-2 Protect DCS Wavecom S-resonator Figure Figure
combline (O.Ol- 4.7.2-30 4.7.2-31
dB Chebishev)
bandpass, plus
an ll-section
coaxial trans-
mission line
low-pass with
l-GHz cutoff

RFF-3 Protect SARP-M Wavecom Same design as Figure Figure
and SARR RFF-2; bandpass 4.7.2-30 4.7.2-32
406.05 MHz tuned to center

on SARP-M/SARR-
406.05 MHz

RFF-4 Protect SARR Wavecom 3-resonator Figure Figure
243 MHz combline 4.7.2-33 4.7.2-34

RFF-5 Protect SARR Wavecom Frequency- Figure Figure
121.5 MHz selective low- 4.7.2-35 4.7.2-36

pass with
g-element
elliptic-like
design with the
poles in the
136-138 MHz
stopband notch

-
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TABLE 4.7.2-13. RF FILTERS - CHARACTERISTICS (Continued)

Baseline Baseline Outline Attenuation
Filter Purpose Supplier Design Drawing Requirements

DPD Split the comp- Wavecom Two resonators Figure Table
osite output in each receiver 4.7.2-37 4.7.2-14
from the UDA channel; lightly
into 401.65 out- loaded combline
put to DCS and configuration;
406.025 output coupling between
to SARP-M resonators by

printed circuit

GFN Protect GRD K & L Two bandpass Figure Figure
Micro- filters coo- 4.7.2-38 4.7.2-39
wave netted to the

antenna port.

4.7.2.13.2 RF Switch

A photograph of the RF switch is shown in Figure 4,5.2-40;  the RF Switch
characteristics are summarized in Table 4.7.2-15.

.
The RF Switch, designed and manufactured by Transco Products, Inc., is a stan-
dard mechanical design with the addition of a telemetry switch-position-indi-
cating resistor network. The switch is SPDT and is a "fail safe" design; that
is, it requires holding power in only one direction and when this power is re-
moved, the switch is pulled back into the other position. In the S-Band ap-
plication, this switch receives holding power from the SCU; in the BTX and VTX
applications, it receives power from the number 1 transmitter of the pair.
Thus, an ON command to BTX-1 activates the associated RF Switch and an OFF com-
mand to BTX-1 deactivates it. The RF Switch associated with the VTX works in
a similar fashion.

4.7.2.13.3 Antenna Hybrid

The STX-4s SOA-3, -4 are fed via the antenna hybrid which is a four port power
splitter. The input power is split into two half power output ports which
have 90' phase difference and the fourth port is terminated in a 50 ohm load.
Table 4.7.2-16 summarizes the hybrid characteristics.

4.7.2.13.4 RF Cabling

Signal interconnections between RF components are achieved by using low-loss
coaxial cable. Flexco F242 and F342 cables are used which are flexible and
have teflon spline dielectric construction.

Thirty-seven cables are required to interconnect the RF components. The cable
baseline for this proposal is manufactured by Flexco Microwave, Inc. Addi-
tional cabling required within antenna assemblies or around the antenna deploy-
ment hinges for VRA, UDA, and SRA is assembled by ASD. All cables and RF com-
ponents use SMA connectors. The characteristics of the cables are given in
Table 4.7.2-17.
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Figure 4.7.2-29. RF Filter RFF-1 Attenuation Characteristics

Figure 4.7.2-30. RF Filter RFF-2 and RFF-3 Outline Drawing

4.7-57 1844T



0

I I
I
I I

I
I I

I
I
I

I I

I I

I I

I
I

I I
I I
I I

I I I
I

II I
I I

I I
I I
I I
I I I
II I

I I I I I I I
I I I I I I I

1m 11 m5 em lLo0 lma 012 mm

F AEOUENCY W4rb
64437

Figure 4.7.2-31. RF Filter RFF-2 Attenuation Characteristics

-

-j ~++asuAN~
5 I- a - - - - - - - - -

I t
z9

E
5
f
5

-t-
10 - - - - - -.f-+--~-_

I I I I I I I I I
0 la 13) 01 411 HDD- 111a am

FREQUENCY WC(r) w1

Figure 4 . 7 . 2 - 3 2 . RF Filter RFF-3 Attenuation Characteristics

-

4.7-58 1844T



. CONNECTOR
rLE

JYEIGHT  - 6 OUNCES (MAX.) Q-4394
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Figure 4.7.2-35. RF Filter RFF-5 Outline Drawing
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Figure 4.7.2-37. DCSISARP-M Diplexer Outline Drawing

TABLE 4.7.2-14. DCS/SARP-M DIPLEXER ATTENUATION CHARACTERISTICS
1

Port 1 Port 2 Frequency Loss

DCS UDA 401.15 to 402.15 MHz 0.5 dB (max)
SARP-M IJDA 405.55 to 406.55 MHz 0.5 dB (max)
DCS SARP-M Both above bands 25 dB (min)
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Figure 4.7.2-39. GFN Absolute Response vs. Frequency

Figure 4.7.2-40. RF Switch
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TABLE 4.7.2-15. RF SWITCH CHARACTERISTICS

Parameter

Frequency

Impedance, VSWR any port

Insertion Loss

Isolation

Power Handling

Size

Weight, Maximum

Type of RF Contacts

Type of Relay

Coil Control Voltage

Pull-in Current (@28 Vdc)

Hold-in Current (@28 Vdc)

Switching Time

Required Value

100 to 2500 MHz

50 ohms nominal,
Maximum VSWR = 1.2:1 with other ports
terminated in 50 ohms

0.2 dB, Maximum, between 52 and 51153

80 dB , Minimum, between Jl and 33

16 watts, CW

1.34 x 1.15 x 0.5 inches

3 ounces

Break before make

Failsafe

20 to 30 Vdc

0.12 A Maximum

0.036 A Maximum

20 milliseconds, Maximum

TABLE 4.7.2-16. ANTENNA HYBRID CHARACTERISTICS

Parameter

Frequency

Impedance, VSWR by port

Insertion Loss

Phase

Amplitude Imbalance

Power

Weight

Value

2000 to 2300 MHz

50 ohms nominal,
Maximum VSWR 1.2:1 with other ports
terminated in 50 ohms

0.3 dB maximum from port 1 to ports
2 and 3 and from port 4 to ports 2
and 3, 20 dB minimum between ports 2
and 3 and between ports 1 and 4

90' 22.0' between ports 2 and 3

0.6 dB maximum between ports 2 and 3

10 watts CW maximum

Less than 1 oz

-

--
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TABLE 4.7.2-17. RF CABLE CHARACTERISTICS

Parameter F242 Cable F342 Cable

Calculated Loss at
S-Band 0.13 dB/ft 0.13 dB/ft
VHF 0.035 dB/ft 0.027 dB/ft
UHF 0.057 dB/ft 0.048 dB/ft

Weight 0.064 lb/ft 0.080 lb/ft

Outer Conductor, Soldered
Strip Wound 0.330 inch O.D. 0.395 inch O.D.

Minimum Bend Radius 1.00 inch 1.50 inches

Nominal Impedance 50 ohms 50 ohms

Temperature Range -55'C to +2OO"C -55'C to +2OO"C

-
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4.8 DATA HANDLING SUBSYSTEM

4.8.1 DATA HANDLING SUBSYSTEM DESCRIPTION

4.8.1.1 Subsystem Functions

The Data Handling Subsystem (DHS) collects and processes data from all on-board
meteorological sensors, as well as collecting all housekeeping telemetry for
transmission to the ground. Data processing includes formatting, resolution
reduction, and geometric correction. The subsystem provides data outputs in
real time, as well as playback of recorded data.

4.8.1.2

The DHS

(a)

(b)

(c)

(d)

(e)

Component Functions

consists of the following components: -

One Dual TIROS Information Processor (TIP). The TIP formats all
downlink data except that from AVHRR, the SARP, and the SARR. The
TIP provides synchronization signals to the HIRS, SEM, and the SBW.

One dual AMSU Information Processor (AIP). The AIP accepts data
from, and provides synchronization signals to, the three AMSU
instrument units. The AIP also accepts TIP data and outputs either
AIP (AMSU and TIP) data or just TIP data to the XSU. The AMSU data
is also output to the MIRP.

One Manipulated Information Rate Processor (MIRP). The MIRP process
and formats all data from the AVHRR. It produces four output formats
simultaneously, a11 of which include AVHRR data. Three of the
.formats include TIP and AIP data.

Five Dual Transport Digital Tape Recorders (DTRs). The DTRs record
and play back TIP and MIRP output data.

One Cross Strap Unit (XSU). The XSU switches data streams between
other DHS components and four S-Band Transmitters (STXs). It
provides clocks to DHS components
SBW.

The functional flow of the DHS is depicted in Figure 4.8.1-1.

4.8.1.2.1 TIP

and to the HIRS, AMSU, SEM, and

The TIP formats all downlink  data except for that from the_ AVHRR, the SARP,
the AMSU, and the SARR. It provides synchronization sihals to the HIRS,
SBW, and SEM, controls their data outputs , and accepts cormnand verification
data and housekeeping telemetry. It adds synchronization identification and
time code, and outputs the data to the MIRP and the AIP. The TIP multiplexes
instrument data signals and status telemetry into one 8320 bps signal (orbit
mode) or 16,640 bps signal (boost mode). Low rate instrument data, housekeep-
ing telemetry, and CPU data are inputs to the TIP. This data is time division
multiplexed into a format determined by a stored program in a ROM within the
TIP. The TIP can operate in any of four modes: orbit mode, boost mode, dwell
mode, and dump mode.

.
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In orbit mode the TIP provides header information, command verification, CPU A
& B software telemetry, payload sensor data, and housekeeping telemetry data.
In boost mode the TIP provides header information, CPU A & B software telem-
etry, and other housekeeping telemetry data (at high rate) to the XSU via the
AIP. In dwell mode the TIP provides header information, command verification,
and a single channel of digitized analog housekeeping telemetry which is
selected by command. In dump mode the TIP provides a modified mission mode
format: all CPU A & B word locations are dedicated to either CPU A dump data
or CPU B dump data.

The TIP output data stream is directed to: the beacon link, for continuous
real time transmission; the digital recorders during multiple blind orbits,
for playback to a ground station in Europe; and the MIRP, for multiplexing
with the AVHRR data. The TIP outputs serial digital words, most signifi-
cant bits first. The rates and lengths are as follows:

Bit Rate 16,640 bps 8320 bps

Word Length 8 Bits 8 Bits

Minor Frame Length 104 words
(0.05 set)

104 words
(0.1 set)

Major Frame Length 320 minor frames
(16 seconds)

320 minor frames
(32 seconds)

The first minor frame in each major frame contains time code instead of house-
keeping telemetry, The housekeeping telemetry words are distributed in a major
frame as follows: *

Data
Type

3.2-Set 32-Set 16-Set 1-See 3.2-Set l6-Set
Digital B Analog Analog Analog Digital B Analog
Subcom-l Subcom Subcom-l Subcom Subcom-2 Subcom-2

Word Word Word Word Word Word

Type of Data Eight One One One Four One
in each Word Bilevel Digitized Digitized Digitized Bilevel Digitized
in one Minor Status Analog Analog Analog Status Analog
Frame Channels Channel Channel Channel Channels Channel

Repetition
Period of
Subcom,
minor
frames

32 320 160 10 32 160

There are 352 discrete (bilevel)  telemetry points. This subcom repeats at a
3.2 second rate in Orbit Mode, and 1.6-second rate in Boost Mode. The TIP
multiplexes these inputs into 8-bit words.
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The 32-Seconi._inalog  Subcom format contains 320 word locations. It repeats
every 16 seconds in the TIP Boost Mode and every 32 seconds in all other TIP
Modes. There are 256 analog telemetry inputs available to the 32-Second Analog
Subcom; each is assigned a unique analog telemetry channel number (O-255). 191
channels are sampled once each per repetition of the 32-Second Analog Subcom
(i.e., once per major frame); 64 channels are sampled twice each subcom; chan-
nel zero is displayed only if addressed by TIP Mode command data word for dis-
play in the l-Second Analog Subcom or for monitoring in Dwell Mode. The TIP
multiplexes these analog inputs together.

There are two TIP words for 16-second  subcom data. In the first subcom there
are 112 analog telemetry channels. Since there are 160 word locations, some of
the channels are assigned to more than one location. The second subcom con-
tains 128 channels. The remaining 32 words are SATCU telemetry. These subcoms
repeat every 8 seconds in TIP boost mode and every 16 seconds in all other TIP
modes. The TIP multiplexes analog inputs together, and is configured such that
a single multiplexer gate failure will not affect more than 8 channels.

There are 10 word locations in the 1 second analog subcom. It repeats twice a
second in TIP Boost Mode,and  once a second in all other TIP modes. The TIP
multiplexes these inputs together. The analog channel appearing in word zero
is selectable. The selected channel is identified in bits 7 and 8 of word 3,
and bits 1 to 7 of word 4. Any one of the 512 analog inputs can be designated
to appear in this word. This is done by selecting the given input channel as
the dwell address in a TIP mode command data word. If the TIP also happens to
be in the dwell mode, this analog telemetry point will also appear in minor
frame words 14 through 103.

The TIP provides a 36 bit time-of-day counter with a count granularity of one
millisecond. This counter is capable of being reset by command. The TIP in-
serts the time code into the TIP format as well as outputting it to the MIRP
at a rate of once per millisecond.

The TIP receives its master timing from the XSU and provides 32 second, 128
second, and 256 second synchronization pulses to the payload instruments.

4.8.1.2.2 MIRP

The function of the Manipulated Information Rate Processor (MIRP) is to buffer,
process, and format digital data from the selected five of six AVHRR channels
into the required four output formats. The five AVHRR channels produce 10240
words of earth data per scan. The scan rate is 6 revolutions per second and
each word has 10 bits. The unit configuration, processing algorithms, and
output data rates are consistent with a 5 channel AVHRR. The MIRP contains
large memories to: (1) permit a continuous output of earth scan data during
the time the AVHRR is viewing space, and (2) manipulate the earth scan data
into the desired digital signals. The MIRP output formats are:

(1) High Resolution Video (LAC and HRPT)
(2) Real Time Medium Resolution Video, (APT) and
(3) Global Stored Data (GAC).

The TIP output and AMSU data from the AIP are multiplexed into the high resolu-
tion and global stored output formats.
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The MIRP output formats are summarized as follows:

Form of Data

Line Rate

Word Rate

Number of AVHRR
Channels Included

Words of earth scan
per line per channel

Processing of AVHRR
Data

HRPTILAC GAC

Serial Digital Bit Stream lo-bit
words, most significant bit first

6/set Z/set

66.54K wordslsec 6654 wordslsec

5 5

2048 409

Formatting Only Resolution Re-
duction &
Formatting

APT

Analog A-M on
2.4 kHz Subcarrier

2lsec

4160 wordslsec
prior to D/A
Conversion

2

909 prior to D/A
Conversion

Resolution Re-
duction &
correction for
geometric dis-
tortion formatting

Other Data than TIP; time of day; TIP; time of day; Minute Marks;
AVHRR AMSU AMSU calibration wedge

The MIRP.can operate in any of several different modes, but all except the
Normal mode are for use in case of failure or for diagnostic evaluation. In
Normal Mode, the MIRP issues sampling commands to the AVHRR in phase with the
line-synchronization pulses from AVHRR, the MIRP generates frame synchroniza-
tion from internal timing and re-phases frame synchronization automatically to
the-line  synchronization pulse if the phase displacement exceeds a preset value.
In the Override Rephase Logic Mode, the automatic rephasing function is deleted.
In the Internal Sync Mode the MIRP issues sampling commands to the AVHRR and
generates frame synchronization in phase with its internal timing.

The AVHRRIMIRP interface provides data sampling commands by the MIRP, digitized
AVHRR data from the AVHRR and line synchronization pulses from the AVHRR.
In the Normal and Override Rephase Logic Modes, the MIRP issues sampling com-
mands in phase with the line synchronization pulses from the AVHRR. In the
Internal Sync Mode, the MIRP issues sampling commands in phase with the MIRP's
internal timing.

In all modes the MIRP generates frame synchronization in phase with MIRP inter-
nal timing. The MIRP measures the time difference between the frame synchroni-
zation and the line synchronization pulse from AVHRR and formats this time dif-
ference into a data word which it inserts in the frame header of the HRPT, LAC,
and GAC formats. In Normal Mode only, the MIRP rephases the frame synchroniza-
tion automatically to the line synchronization pulse if the above time
difference exceeds a preset value.
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The MIRP provides one c;_';Jute elapsed-time marks in the APT format. The MIRP
accepts master timing from the XSU and outputs HRPT, GAC and LAC formats to the
xsu. The MIRP randomizes GAC and LAC outputs to improve transition density and
outputs the APT format as a modulated subcarrier to each Real Time VHF trans-
mitter.

4.8.1.2.3 XSU

The XSU provides switched data interfaces with the AIP, the MIRP, the DTRs and
the STXs in response to CIU commands. It distributes timing to the Data Han-
dling Subsystem and to the payload instruments. It is designed to prevent
single-point failures from degrading performance of redundant interfacing units.
The only exception is the split-phase TIP data interface which is used for real-
time transmission via S-Band transmitter during boost mode and the first orbit
only. A single-point failure can degrade performance associated with a non-
redundant interfacing unit, but not with two or more.

The XSU is capable of operating in Recorder Input Modes, STX Input Modes, or
Power Switching Modes. In the Recorder Input Modes, the XSU can transfer any
of the following data to the input interface of any DTR; TIP NRZ Interface,
AIP NRZ Interface, MIRP LAC data, and MIRP GAC data. Any of these data
streams can be connected to more than one DTR and all data inputs to the DTRs
are NRZ-L. In the STX Input Modes, the XSU can transfer the playback data from
any DTR to the input interface of any SIX, can convert the HRPT data input from
the MIRP to a split-phase format and transfer the data to any STX, or can
transfer split-phase TIP or AIP data. In the Power Switching Modes, the XSU
operates with either side A on/side B off or side B on/side A off.

The XSU accepts master timing from the CIU. It .provides  timing signals to the
data handling subsystem and to the payload instruments as follows:

1.248 MHz to the AMSU, SEM, SBUV, AIP, HIRS
0.9984 MHz to the TIP and MIRP
1.3308 MHz to the MIRP

The XSU provides the following timing signals to the DTR playback clocks as
required:

332.7 kHz for TIP playback
1.3308 MHz and 2.6616 MHz for LAC and GAC playback

The DTR record clocks are received with the associated AIP, TIP or MIRP data.
These are divided down within the AIP, TIP and MIRP from clocks supplied by
the XSU. All timing is coherently derived from the 1.024 I'+ clock from the
CIU. & -

4.8.1.2.4 DTRs

Five government-furnished digital tape recorders serve to store the mission
data. Four recorders are required to support the mission: two recorders are
required for the global area coverage (GAC) data during the multiple blind
orbit condition (they are also used for recording the TIP output for playback
to the European station during these orbits); two more are required for selec-
tively recording high-resolution local area coverage (LAC) data during these
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orbits. One DTR will record TIP.Boost Mode data during the spacecraft boost
phase. A fifth recorder is carried for redundancy. GAC data is recorded con-
tinuously; LAC data is recorded for 10 minutes per orbit. All recorders are
identical. Each contains two identical transport units and a common elec-
tronics unit.

4.8.1.2.5 AIP

The AIP is a redundant unit which inputs data from the three AMSU instruments
and from the TIP and combines the data into a 16.64 Kbps format for output to
the XSU and MIRP. Both NRZ-L and split phase data are output to the XSU,
enabling both recording and real-time transmission of the data. The AIP is
commandable such that the bi-phase output can be AIP data (AMSU and TIP
combined) or just TIP data.

The AIP also generates the necessary data-transfer handshaking signals and the
El-second synchronization signal for the AMSU instrument.

4.8.2 TIROS INFORMATION PROCESSOR (TIP)

4.8.2.1 TIP Description

The TIP performs the telemetry and low-rate instrument data processing function.

Analog telemetry signals are digitized and combined with one-bit telemetry
digital status telemetry (Digital B), time code, command verification, sync,
spacecraft address, format identification, and digitized instrument data (Digi-
tal A) to form a single, digital, TDM/PCM serial-output bit stream. The TIP
supplies several data-output signals: cne is sent to the Manipulated Inform-
ation Rate Processor (MIRP); a second to the beacon transmitters; a third to
the recorders; and a fourth to an S-Band transmitter.

The MIRP incorporates the TIP NRZ-L output into the Real-Time High-Resolution
output, the Local Area High Resolution output , and the Global-Stored Medium-
Resolution output. The Beacon transmitter phase-modulates its carrier fre-
quency with TIP biphase - L digital data for
stations.

Digital recorders store TIP digital data for
stations via the S-Band via the S-Band link,
data to an S-Band transmitter for monitoring
ascent phase of the mission.

real-time transmission to earth

future transmission to ground
The XSU will route TIP biphase L
spacecraft status during the

One-half of the Dual TIP is always on whenever 28-volt power is applied. The
TIP is used during spacecraft integration to aid in verifying the operational
status of the spacecraft, for pre-launch tests at the launch pad, and during
launch, orbit injection, spacecraft acquisition and normal orbital mode.

The TIP generates a data format as specified by one of two fixed programs
established prior to integration. The programs define the format during launch
and normal orbital mode. For diagnostic purposes during orbital mode, a CPU
dump-and single-point analog-dwell submode formats are provided. Both submode
formats pre-empt normal orbital mode programming.
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The TIP interface diagram is shows. .h Figure 4.8.2-l. A summary of TIP salient
characteristics is given in Table 4.8.2-l.

4.8.2.2 Data Handling Requirements

The TIP is designed to accommodate the input signals given in Tables 4.8.2-2
and 4.8.2-3. The tabulated telemetry values include estimates for all space-
craft housekeeping functions, as well as the instruments. The signals are
divided into three classes: Digital A, Digital B, and Analog.

The Digital A signals include the low-rate instrument data, command verifica-
tion data, time code data, CPU telemetry data, and CPU dump data. These sig-
nals are characterized by the method in which they are sampled by the TIP. One
or more synchronization signals is sent to each of the Digital A signal sources
to synchronize their timing with TIP timing. In addition, an enable pulse is
sent to the signal source selected for sampling. The data contained in a buf-
fer at the Digital A signal source is asynchronously loaded by the Digital A
signal source and is then clocked in the TIP by a TIP-supplied clock signal.
Details on the Digital A interface can be found in Paragraph 4.8.2.4.4.,

The Digital B signals (one-bit digital status telemetry) are assembled in the
TIP as 8-bit digital words. These words are sampled as required by the par-
ticular format being generated.

The Analog inputs are commutated , sampled, and quantized into 8-bit digital
words by the TIP. These inputs are sampled as.required by the format being
generated.

4.8.2.3 Telemetry Formats

The TIP generates four telemetry formats, one in each of its four operating
modes. The TIP operating modes are: Orbital Mode, Boost Mode, and High-rate
Analog Dwell Mode (Single-Point). The formats generated in the Orbital Mode
and Boost Mode are shown in Figures 4.8.2-2 and 4.8.2-3, respectively. The
CPU Dump Mode format and High-Rate Dwell Mode format are made available for
diagnostic purposes. These formats are subformats of the Orbital Mode format.

4.8.2.3.1 Orbital Mode Formats

The orbit mode minor frame contains 832 bits organized in 104 8-bit words. The
minor frame period is 0.1 sec. During the orbital mode the TIP output data
rate is 8.320 Xbps. Six subcommutated words are made available for sampling
low data rate information. One 1 sample/32 set, two sample/l6 set, two 1
samplel3.2 set, and one 1 sample/set subcoms are provided. The first 3.2 set
subcom is dedicated to Digital B (bi-level) data, the second 3.2 set subcom is
divided between Digital B data and XSU data , and the remaining subcoms are de-
dicated to analog data. The Subcom Frame Formats for all TIP operating modes
are shown in Figure 4.8.2-4.

There are 56 bits of overhead which contain sync, spacecraft address, frame
status, and parity information. The first 20 bits of each minor frame consists
of an optimum frame sync code selected from the GSFC PCM Telemetry Standards.
The next four bit6 are used for spacecraft identification. The address is
selected by external connection to the unit, prior to flight.
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Figure 4.8.2-l. TIP Interface Diagram
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TABLE 4.8.2-1. TIP SALIENT .~J~~ARACTERISTICS

Parameters

Size ( 1 x W x A)

Weight

Power

Number of Inputs
352 Digital “B”
16 Digital “A”

Redundancy

Characteristics

13.274 x 6.875 x 8.750

17 lbs

5.2 Watts Max EOL

512 Analog

Dual unit except for common telemetry input gates.
A gate failure is confined to a maximum of 8 input
channels.

Digital “A” inputs are individually buffered and cross-strapped internal to T I P

Orbital Mode Format
Output Data Rate
Minor Frame Length

(Fixed minor frame length-
alterable frame word
assignments 1

Minor Frame Period
Major Frame Period
Word Organization
Minor Frame Capacity
Subcommutated Frames

32-set Analog Subcom
(Eardwire Program)
16-set Analog Subcom
(Program in PROM)
16-see Analog Subcom
(Rardwire Program)
I-set Analog Subcom
(Program in PROM)
3.2-set  Dig “Bl” Subcom
(Rardwire Program)
3.2-set  Dig “B2” Subcom

Diagnostic Mode Formats
CPU Memory Dump
Single-Point Analog Dwell

Boost Mode Format
Output Data Rate
Minor Frame Length
(Fixed minor frame length-

alterable f fame word
assignments 1

Minor Frame Period
Major Frame Period
Word Organization
Minor Frame Capacity
Subcowutated Frames

Analog Channel Uniform
Sampling Rate (16 Channels)

Single-Point Analog Dwell

Parity

8320 bps
832 bits

0.1 sec.
32 sec.
8-bit
12.5% Spare
6
192 channels
64 channels

@ 1 sample/32 sec.
@ 1 sample/l6 sec.

128 channels allocated
128 channels allocated

128 channels allocated
256 channels @ 1 sample/3.2  sec.

96 channels @ 1 sample/3.2  sec.

Dumps at 60 16-bit  words/second.
Dwell channel selected by co66nand.  1 sample/set  or
1040 samples/ret.  analog dwell capability

16.64 kpbs
832 bits

0 . 0 5  sec.
16 sec.
8 -b i t
2.9% Spare
Orbital Mode subco6r6utated formats with rampling
at 2 times the orbital rate

20 6amples/6ec/channel
2 sampleslsec

Even parity check bit generated for every 17 word6
formatted in all operating modes except for Eigh-
rate Dwell Mode
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TABLE 4.8.2-2. TIP ORBITAL MODE DATA RANDLING REQUIREMENTS

Data 8-Bit
Rate 'Words/O.1 set

Input Signal (bps) Source Sampling Reqrirements Minor Frame

AIRS/3 2880 16-Bit Word/Sample I 36
No Interrogation dwring first
4 msec of Minor Frame

DCS 9a;pl B&Bit Wore$,fSarnple 32

SEM l&D B&Bit Woru%kqple 2

SBUV/Z 3-4 16-Bit Word/San$le 4

Command Verif. 168 l&Bit Word/Sqple 2

CPU A TLM 48zJ Interrogation as the Begizwing 6
of a Misxw Fxxune-%.urst&
Zbree 16-B'llt: Worzk/Sample

CPU B TLM 480 Interrogation at 'the Beginning 6
OS a Minor Frame-Burst of
Three 16-BiCs ~&xdt~%mnple

Time Code 40-Bit Word - 0 Szntple/32  set (Subcorns
Pre-empted)

SYNC and SIC 240 3
Adr.

Frame.Status 320 4

Digital B TLM-1 80 1 Sample/3.1 set 1

Digital B TM-2 80 1 Sample/3.2 se'r 1

Analog TLM 80 1 Sample/set 1
80 1 Sample/l6 set 1
80 1 SaqItl'l6 set 1
80 I Sample!32 set 1

CPU Memory Dump 960 Burst of 3 16-Bit Words/Sample (CPU A&B TLM
Pre-empted)

xsu 20 8-Bit Word/Sample Digital B
TLM-2 Pre-empted

DAU 160 8-Bit Words 2

SATCU 16 8-Bit Words Preempts 16AN-2
Subcom

Subtotals 8240 103

Spares 80 1
1%

Total 8320 104

-

-
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TABLE 4.8.2-3. TIP BOOST MODE DATA BANDLING REQUIREMENTS

Data 8-Bit
Rate Words/O.05 set

Input Signal (bps) Source Sampling Requirements Minor Frame

CPU 11200* Burst of 7 16-bit words/sample- 70*
interrogation 5 times per
Minor Frame (Every 10 msec)*

sync & s/c 480 24-bit word/sample 3

Frame Status 800 16-bit word/sample 5

Command 320 16-bit word/sample 2
Verification

Digital B
Telemetry-l

160 1 sample/l.60 set

Digital B 160 1 sample/l.60 set 1
Telemetry-2

XSU (Digital
A) Status

8-bit word/sample (Part of
Digital

Telemetry-21

Analog Telemetry 160 1 sample/O.5 set 1
160 1 sample/8.0 set 1
160 1 sample/l6.0 set 1
160 1 sample/8.0 sec. 1

2560 1 sample/O.05 set 16

DAU 320 8-bit Words 2

Subtotals 16640 104

Spares 0 0

Total 16640 104

*Each burst will contain 5 16-bit words rather than the capacity 7
16-bit words. The data rate will be 8000 bits/set. There will be 50
8-bit words per 0.05-set minor frame. The excess capacity will be
filled with an alternating one-zero pattern.
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Bit 1 of minor frame word 3 is used to inform the ground that a command veri-'
fication  word update has been received. The bit representation is as follows:

1 - CV word updated during this minor frame

0 - CV word not updated during this minor frame

The CV word received last is repeated every minor frame. Bits 2 and 3 of minor
frame word 3 are used to identify the various TIP operating modes. The next
three bits are used to identify the instrument calibration data frames which
occur once every 128 set or 256 sec. The major frame counter is binary coded:
count 000 represents major frame 0 and count 111 represents major frame 7.

Bits 7 and 8 of minor frame word 3 and bits 1 through 7 of minor frame word 4
contain the 9 bit address which is used to identify the channel being sampled
in all dwell modes. Address 000000000 represents analog channel "0" and
address 111111111 represents channel 511.

The next 9 bits are used to identify the subcom frame word. The subcom counter
is binary coded and advances once per minor frame and resets every 320 minor
frames. Count 000000000 represents subcom word 0 and count 100111111 repre-
sents subcom word 319.

Bits 1 and 2 of Minor Frame Word 102, are used to inform the ground of the
status of CPU data transferred to the TIP during
bit representation is a follows:

Word 193
Bit 1 bit 2 Designation

All CPU data received.

normal interrogation. The

1 0 CPU A telemetry or the first three 16-bit  words of
CPU dump data output during the minor frame not
received in entirety.

0 1 CPU B telemetry or the last three 16-bit words of
CPU dump data output during the minor frame not
received in entirety.

1 1 CPU A telemetry and CPU B telemetry or the first
and last three 16-bit words of dump data was not
received in entirety.

Since CPU data is not transferred to the TIP in the high-rate dwell mode, no
CPU status bits are output.
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Bits 3 through 8 of Mi.,r Frame Word 103 is used to check for even parity on
TIP data. The bits have the following interpretation:

Bit Interpretation

3 Even parity check on data contained in Minor Frame Words 2 through 18.
4 Even parity check on data contained in Minor Frame Words 19 through 35.
5 Even parity check on data contained in Minor Frame Words 36 through 52.
6 Even parity check on data contained in Minor Frame Words 53 through 69.
7 Even parity check on data contained in Minor Frame Words 70 through 86.
8 Even parity check on data contained in Minor Frame Words 87 through

102 including Bits 1 through 7 of Minor Frame Word 103.

The remaining words in the minor frame can be assigned to Digital A or analog
sources.

4.8.2.3.2 Boost Mode Format

The Boost mode minor frame format is shown in Figure 4.8.2-3. The frame struc-
ture, including the subcom frames, is identical to the orbit mode format except
that output data rate is 16.64 K bps. Like the orbit mode format, minor frame
word allocations are alterable by changing the contents of the TIP program
memory (see Paragraph 4.8.2.4.1).

In Boost mode there are 58 bits of assigned overhead. These data are identical
to orbit mode overhead with the addition of 2 extra bits for CPU status. Since
the CPU data transferred to the TIP in Boost Mode consists of 5 interrogations
instead of 3 per minor frame two additional CPU status bits are output. Bits
6-8 of minor frame word 102 and bits l-2 of minor frame word 103 are used to

- inform the ground of the status of CPU data transferred to the TIP during nor-
ma1 interrogation.

Word 102 Bit 6

0

The bit representation is as follows:

Word 102 Bit 7

0

1

Word 102 Bit 8

0

1

Designation

CPU data contained in word locations 6-19 received in
entirety.

CPU data contained in word locations 6-19 not received
in entirety.

CPU data contained in word locations 26-39 received in
entirety.

CPU data contained in word locations 26-39 not received
in entirety.

CPU data contained in word locations 48-61 received in
entirety.

CPU data contained in word locations 48-61 not received
in entirety.
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Word 103 Bit 1

0 CPU data contained in word locations 68-81 received in
entirety.

1 CPU data contained in word locations 68-81 not received
in entirety.

Word 103 Bit 2

0 CPU data contained in word locations 88-101 received in
entirety.

1 CPU data contained in word locations 88-101 not received
in entirety.

The remaining words in the minor frame can be assigned to Digital “A” or analog
sources.

4.8.2.3.3 CPU Dump Format

A CPU dump format is available for verifying CPU memory loads and for diagnos-
tics of the CPU and its software. It is a variation of the Orbit Mode Format
shown in Figure 4.8.2-2, wherein all of the CPU-A and CPU-B words are dedicated
to dump from a single CPU. All other data remain undisturbed.

4.8.2.3.4 Single-Point Analog Dwell Mode *

A single-point analog dwell mode is available for hardware diagnostics. It is
a major variation of the orbit mode format. Selecting this format effectively
takes the spacecraft out of service , since all payload sensor data normally
formatted by the TIP are lost.

In the high-rate dwell mode, all of the words in the minor frame are pre-empted
with digitized analog samples from any one analog data source except for over-
head, command verification, and the subcoms. Fourteen adjacent samples out of
104 are lost due to overhead, command verification, and subcoms. The sampling
rate is 1040 eight-bit samples/second, with gaps as noted above.

In addition to the high-rate dwell format. a low-rate dwell capability is pro-
vided in the orbit mode and boost
subcom and the Boost mode 0.5 set
nel upon connnand. The address of
minor frame. Payload data is not

4.8.2.4 Function Description

mode formats. Word 0 in the- orbit mode 1 set
subcom is reserved to sample any analog chan-
the channel being sampled will appear in each
lost in this mode.

4.8.2.4.1 Prograrmuing and Timing

A functional block diagram of the TIP is shown in Figure 4.8.2-5. For simpli-
city, the redundant portion, including cross-strapping, has been omitted.

-

Upon application of spacecraft power , one side of the TIP will become acti-
vated; the TIP will begin to cycle through the selected program stored in the
TIP program memory and automatically select the program for Orbital Mode.
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